Introduction {#S0001}
============

Gastric cancer (GC) is one of the most common causes of cancer-related deaths worldwide;^[1](#CIT0001)^ however, locally advanced GC has a high recurrence rate of approximately 40--80%, even with D2 lymph node dissection.^[2](#CIT0002)^ Various adjuvant chemotherapy regimens have been developed for patients with advanced GC to improve patient outcomes after surgery. However, the prognosis remains extremely poor in patients at advanced stages of GC.^[3](#CIT0003)^ Recently, agents targeting negative regulators (so-called "immune checkpoints") offer great promise for effective cancer therapy.^[4](#CIT0004)^ These approaches target T-cell exhaustion; a unique immune inhibitory mechanism involving a state of T-cell dysfunction that develops in response to persistent antigen stimulation.^[5](#CIT0005)^ Inhibitors of immune checkpoint receptors, such as cytotoxic T-lymphocyte associated protein 4 (CTLA-4) and programmed cell death protein 1 (PD-1), are expressed on immune cells to limit immune responses and prevent immune-driven pathology.^[6](#CIT0006)^ Even with striking success in several cancers, numerous patients do not benefit from these therapies and, therefore, new therapeutic modalities, including immunotherapy to complement chemotherapy, are urgently needed.

Chemotherapeutic agents have long been known to induce systemic immunosuppressive effects due to bone marrow toxicity.^[7](#CIT0007)^ Previous studies have shown that different chemotherapeutic agents play varying roles in the immune modulation of cancer. Paclitaxel and gemcitabine induce immunoreactive effects such as promotion of tumour antigen presentation by up-regulating the expression of tumour antigens or MHC class I molecules.^[8](#CIT0008)^ Other agents decrease the number of immunosuppressive cells, such as regulatory T cells or myeloid derived suppressor cells (MDSC), thereby increasing helper T-cell accumulation at the tumour site.^[9](#CIT0009)^ On the other hand, some chemotherapeutic agents lead to local immunosuppression via induction of a specific inflammasome, promoting tumour growth.^[10](#CIT0010)^ Although the S-1 plus oxaliplatin (SOX) regimen is a major treatment option for patients with advanced GC, the influence of the regimen on T cells remains unclear.

Immune responses play an important role in interrupting the progression of cancer cells. Tumour-infiltrating lymphocytes (TILs) are mononuclear cells that infiltrate the stroma surrounding tumour cells, and are considered to be basic parameters of the complicated immune responses to tumour cells.^[11](#CIT0011)^ TILs, including both CD8-positive and forkhead box P3 (FOXP3)-positive T-cells, play a role in the immune response. Recent studies support the notion that baseline tumour infiltration by activated CD8^+^T cells (inflamed tumours) identifies a group of patients with a better chance for a clinical response to treatment with immunotherapy than those with non-inflamed tumours.^[12](#CIT0012)^

T cell immunoreceptor with Ig and ITIM domains (TIGIT, also known as WUCAM, Vstm3, or VSIG9) was initially discovered in a genomic search for genes specifically expressed in T cells that had protein domain structures representative of potential inhibitory receptors.^[13](#CIT0013)^ The expression of TIGIT is tightly restricted to lymphocytes, with the highest expression occurring on effector and regulatory CD4^+^ T cells, follicular helper CD4^+^ T cells, effector CD8^+^ T cells, and natural killer (NK) cells.^[14](#CIT0014)^ TIGIT is an important inhibitory molecule in the PVR/nectin family, and is associated with human cancers and T cell exhaustion phenotypes.^[14](#CIT0014)^ Previous findings have established TIGIT as an important immune receptor for limiting T cell inflammation,^[14](#CIT0014)^ and its expression appears to correlate with PD-1 expression.^[15](#CIT0015)^ Over the last decade, preclinical studies have demonstrated that chemotherapy can induce immunogenic tumour cell death, increase antigen presentation, and decrease suppressive regulatory T cell (Treg) populations, resulting in improved antitumour immunity.^[16](#CIT0016)^

However, there has been no comprehensive examination of the effects of SOX regimen on human CD8 TILs subsets and how changes in immunological parameters may impact the potential for generating antitumor immunity and clinical outcome. In this study, we aimed to assess the clinical significance of TIGIT and PD-1 in patients with locally advanced GC treated with SOX regimen after D2 gastrectomy.

Results {#S0002}
=======

TIGIT and PD-1 are highly expressed in GC and predict poor outcome {#S0002-S2001}
------------------------------------------------------------------

The clinic pathological and molecular characteristics of patients with GC are shown in [Table 1](#T0001). Our results revealed that TIGIT expression was higher in GC tissues (77.8%, 343/441, [Figure 1a](#F0001)) than in control samples, and were notably associated with the tumour size (P \< 0.001), histological types (P \< 0.001), tumour/node/metastasis (TNM) stage (P \< 0.001), and lymph node metastasis (P \< 0.001, [Table 1](#T0001)). Similarly, PD-1 expression was higher in GC tissues (70.3%, 310/441) than it was in control tissues, and was associated with the tumour size (P \< 0.001), histological types (P = 0.024), TNM stage (P \< 0.001), and lymph node metastasis (P \< 0.001, Table S1). Subsequently, we analyzed the relationship between TIGIT expression and the prognosis of patients with GC and found that a higher TIGIT expression level was associated with a poorer prognosis (P \< 0.001, [Figure 1b](#F0001)). Furthermore, advanced stages (III or IV, P \< 0.001), poorly differentiated histological type (P \< 0.001), positive lymph node metastasis (P \< 0.001), intestinal tumour histology (P \< 0.001), larger tumour size (≥ 5 cm, P \< 0.001), high TIGIT expression (P \< 0.001, [Table 1](#T0001), Fig. S1), and high PD-1 expression (P \< 0.001, Table S1) were significantly associated with a poorer prognosis in patients with GC. As shown in [Figure 1b](#F0001), a higher TIGIT expression level was associated with a poorer prognosis (P \< 0.001), similar to PD-1 (P \< 0.001, [Figure 1c](#F0001)). However, there was no association between overall survival (OS) and tumour locations (P = 0.094). Multivariate survival analysis suggested that TIGIT (P \< 0.001) was an independent adverse prognostic factor of GC ([Table 1](#T0001)). Simultaneously, we analyzed the relationship between PD-1 and clinical pathology as well as prognosis and found that PD-1 had a similar outcome with TIGIT (P = 0.025, Table S1).10.1080/2162402X.2019.1593807-T0001Table 1.Univariate and multivariate statistics of the prognostic value of age, gender, size, histological types, tumor histology, lymph node metastasis, stage, location and expression level of TIGIT for survival in gastric cancer.ParametersNo.\
N = 441Low\
N = 98High\
N = 343P-valueUnivariate\
P-ValueMultivariateRisk ratio95% CIP-value**Age(years)**   0.525^b^0.5550.8650.694--1.0790.198＜ 6215938(23.9%)121(76.1%)     ≥ 62^a^28260(21.3%)222(78.7%)     **Gender**   0.086^b^0.7230.8270.661--1.0340.095Male24547(19.2%)198(80.8%)     Female19651(26.0%)145(74.0%)     **Size(cm)**   P \< 0.001^b^P \< 0.0011.7751.213--2.5980.003＜ 57950(63.3%)29(36.7%)     ≥ 536248(13.3%)314(86.7%)     **Histological Types**   P \< 0.001^b^P \< 0.0011.3201.043--1.6720.021Well or Moderately differentiated13514(10.4%)121(89.6%)     Poorly differentiated30684(27.5%)222(72.5%)     **Tumor histology**   0.676^b^P \< 0.0011.7261.208--2.4660.003Intestinal40590(22.2%)315(77.8%)     Diffuse368(22.2%)28(77.8%)     **TNM stage**   P \< 0.001^b^P \< 0.0011.3381.017--1.7610.037I--II14167(47.5%)74(52.5%)     III--IV30031(10.3%)269(89.7%)     **Lymph node metastasis**   P \< 0.001^b^P \< 0.0011.9871.346--2.9340.001Negative7640(52.6%)36(47.4%)     Positive36558(15.9%)307(84.1%)     **Location**   0.0517 ^b^0.0941.0020.855--1.1760.977upper9728(28.9%)69(71.1%)     middle16928(16.6%)141(83.4%)     low17542(24.0%)133(76.0%)     PD-1 expression   P \< 0.001^b^P \< 0.0011.0430.769--1.4140.009High31016(5.2%)294(94.8%)     Low13182(62.6%)49(37.4%)     TIGIT expression    P \< 0.0011.7921.274--2.5210.001 44198(22.2%)343(77.8%)     [^2] 10.1080/2162402X.2019.1593807-F0001Figure 1.**TIGIT and PD-1 expression in GC patients** (a) Immunohistochemistry analysis of TIGIT, PD-1, and CD8 expression in gastric cancer (GC) tissues and adjacent normal tissues. (b) Kaplan Meier survival curve showed the association between TIGIT expression and over survival time in patients with GC (P \< 0.0001). The patient number of high expression of TIGIT is 343 and the number of low expression is 98. (c) Kaplan Meier survival curve showed association between PD-1 expression and overall survival (OS) time in patients (P \< 0.0001) The patient number of high expression of PD-1 is 310 and the number of low expression is 131.

In addition, we predicted the expression of TIGIT and PD-1 mRNA in GC and adjacent tissues in the GEPIA database (<http://gepia.cancer-pku.cn/index.html>). As shown in [Figure 2a](#F0002) and S2A, the TIGIT and PD-1 mRNA expression levels were measured in 408 GC tissue samples were significantly higher than those in 211 adjacent non-tumour tissues (Figures S1B-1C and S2B-2C). Follow-up was also available for the Kaplan-Meier Plotter database (<http://kmplot.com/analysis/index.php?p=service>). The results showed that higher TIGIT expression was associated with shorter OS (hazard ratio \[HR\] = 1.72, p = 9.6e-10), first progression (FP, HR = 1.86, p = 9.5e-09), and post-progression survival (PPS, HR = 2.28, P = 1.8e-13, [Figure 2d](#F0002)--[f](#F0002)) compared to lower expression. Interestingly, the outcome of PD-1 was similar to that of TIGIT (Figure S2d--2f).10.1080/2162402X.2019.1593807-F0002Figure 2.**The asscociation between TIGIT expression and GC patients outcome predicted online**. (a) GEPIA database prediction of TIGIT expression in different types of tumour tissues and adjacent normal tissues. (b) Expression of TIGIT in gastric cancer (GC) tissues and adjacent normal tissues in GEPIA database. (c) Association between TIGIT expression and stage in GEPIA database. (d) Follow-up was available for the TIGIT expression and overall survival (OS) in Kaplan-Meier Plotter database (P = 9.6e-10). (e) Follow-up was available for TIGIT expression and FP in Kaplan-Meier Plotter database (P = 9.5e-09). (f) Follow-up was available for the TIGIT expression and PPS in Kaplan-Meier Plotter database (P = 1.8e-13). \*P \< 0.05.

TIGIT is elevated on CD8^+^T cell in patients with GC and significantly reduced after D2 gastrectomy {#S0002-S2002}
----------------------------------------------------------------------------------------------------

To investigate the role of TIGIT in the pathogenesis of GC, we assessed PBMCs from 23 patients with GC at initial diagnosis for TIGIT expression on CD8^+^ T cells. PBMCs from eight HVs(Healthy Volunteers) were tested as controls. The characteristics of the patients with GC in this cohort are shown in Table S2. As shown in [Figure 3a](#F0003)--[b](#F0003), the frequency of TIGIT^+^ cells among CD8^+^ T cells from patients with GC was significantly higher than that from the HVs (mean frequency 38 ± 8.7% vs.11.7 ± 1.3%, P \< 0.0001), and reduced significantly after D2 gastrectomy (mean frequency 38 ± 8.7% vs. 26.7 ± 5.2%, P \< 0.0001). The frequency of PD-1 ^+^ cells among CD8^+^ T cells from patients with GC showed the same results as those of TIGIT. Similarly, the frequency of CD8^+^TIGIT^+^ PD-1^+^cells from patients with GC showed a significant difference pre- and post-operatively (P \< 0.0001).10.1080/2162402X.2019.1593807-F0003Figure 3.**TIGIT is elevated on CD8^+^T cell in patients with GC and significantly reduced after D2 gastrectomy**. (a) Flow cytometry analysis of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ T-cell populations in pre- and post-operative PBMC from patients with GC. (b) Frequency and number of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ cells in pre-chemotherapy and post-chemotherapy treated PBMC from patients with GC. \*\*P \< 0.01.

TIGIT expression on CD8^+^ T cell is modulated by chemotherapeutic agents {#S0002-S2003}
-------------------------------------------------------------------------

To determine whether TIGIT expression was modulated by chemotherapeutic agents, we evaluated the TIGIT expression on CD8^+^ T cell in PBMCs of patients with GC, and found that TIGIT expression frequency on CD8^+^TIGIT^+^ or CD8^+^PD-1 ^+^ T cells from post-chemotherapy was significantly lower than those of pre-chemotherapy (P = 0.0047 and P = 0.0196, respectively, [Figure 4a](#F0004)--[b](#F0004)). Similarly, the frequency of CD8^+^TIGIT^+^ PD-1^+^cells from patients with GC showed a significant difference between pre- and post-chemotherapy (P = 0.0051). The correlations between immune markers^，^ expressions after treated with SOX and clinical pathology is displayed in [Table 2](#T0002). The percentage of post-chem CD8^+^ TIGIT^+^ cells was significantly associated with size (P = 0.049), TNM stage (P = 0.027), and differentiation (P = 0.012). Interestingly, post-chemotherapy, CD8^+^ PD1^+^ also showed the same result. However, the percentage of post-chemotherapy CD8^+^ TIGIT^+^ PD1^+^ cells was only related to lymph node metastasis (P = 0.002) and TNM stage (P = 0.027).10.1080/2162402X.2019.1593807-T0002Table 2.Correlations between immune markers expressions after treated with SOX regmen and clinicopathologic information.CharacteristicsPost-chem CD8^+^TIGIT^+^\
Mean 25.1 range 17.5--38.7P valuePost-chem CD8^+^PD-1^+^\
Mean 10.5 range 5.8--18.3P valuePost-chem CD8^+^TIGIT^+^PD-1^+^\
Mean 2.77 range 1.49--4.32P value Highlow Highlow Highlow **Gender**  0.940  0.855  0.349Male5(38.5%)8(61.5%) 6(46.2%)7(53.8%) 4(30.8%)9(69.2%) Female4(40.0%)6(60.0%) 5(50.0%)5(50.0%) 5(50.0%)5(50.0%) **Age(years)**  0.099  0.133  0.349≥ 58^a^7(53.8%)6(46.2%) 8(61.5%)5(38.5%) 3(27.3%)8(72.7%) \< 582(20.0%)8(80.0%) 3(30.0%)7(70.0%) 6(50.0%)6(50.0%) **Size(cm)**  0.049\*  0.003\*  0.265\< 52(18.2%)9(81.8%) 2(18.2%)9(81.8%) 1(11.1%)8(88.9%) ≥ 57(58.3%)5(41.7%) 9(81.8%)2(18.2%) 8(57.1%)6(42.9%) **TNM stage**  0.027\*  0.005\*  0.027\*IIA,IIB1(11.1%)8(88.9%) 1(11.1%)8(88.9%) 1(11.1%)8(88.9%) IIIA,IIIB,IIIC8(57.1%)6(42.9%) 10(71.4%)4(28.6%) 8(57.1%)6(42.9%) **Lymph node metastasis**  0.322  0.159  0.002\*Negative1(20.0%)4(80.0%) 1(20.0%)4(80.0%) 2(40.0%)3(60.0%) Positive8(44.4%)10(55.6%) 10(55.6%)8(44.4%) 7(38.9%)11(61.1%) **Differentiation**  0.012\*  0.019\*  0.431Well1(10.0%)9(90.0%) 2(20.0%)8(80.0%) 3(30.0%)7(70.0%) Poor8(61.5%)5(38.5%) 9(69.2%)4(30.8%) 6(46.2%)7(53.8%) **Histology**  0.106  0.924  0.524Diffuse3(75.0%)1(25.0%) 2(50.0%)2(50.0%) 1(25.0%)3(75.0%) Intestinal6(31.6%)13(68.4%) 9(47.4%)10(52.6%) 8(42.1%)11(57.9%) [^3] 10.1080/2162402X.2019.1593807-F0004Figure 4.**TIGIT expression on CD8^+^ T cell is modulated by chemotherapeutic agents**. (a) Flow cytometry analysis of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ T-cell populations in pre-chemotherapy and post-chemotherapy PBMC from patients with GC. Frequency and number of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ cells in pre-chemotherapy and post-chemotherapy treated PBMC from patients with GC. \*P \< 0.05, \*\*P \< 0.01.

High TIGIT expression is associated with relapsed GC {#S0002-S2004}
----------------------------------------------------

When the chemotherapy was completed, the patients were divided into two groups depending on the percentage of TIGIT on CD8^+^ T cells (high and low groups ≥ 25.1% and \< 25.1%, respectively). After chemotherapy, TIGIT/PD-1 expression levels on CD8^+^ T cell were evaluated every 3 months or until relapse. Total follow-up was 12 months after surgery. As shown in [Table 3](#T0003), the percentage of higher post-chem CD8^+^ TIGIT^+^ cells was positively associated with recurrence (P = 0.036) and the same as CD8^+^ PD-1^+^ cells (P = 0.016), and the percentage of post-chem CD8^+^ TIGIT^+^ PD-1^+^ cells also showed significant association with recurrence (P = 0.036). We also performed a flow analysis of TIGIT/PD-1 expression in PBMCs of seven patients with GC with relapse, and found that the percentage of CD8^+^ TIGIT ^+^, CD8^+^ PD-1^+^, and CD8^+^ TIGIT ^+^ PD-1^+^ T cells from patients with GC relapse was significantly higher than that of post-chemotherapy ([Figure 5a](#F0005)--[b](#F0005)). Similarly, we tested the PBMCs of the remaining 16 relapse-free patients and found that the percentage of CD8^+^ TIGIT ^+^, CD8^+^ PD-1^+^, and CD8^+^ TIGIT ^+^ PD-1^+^ T cells showed no significant difference compared to post-chemotherapy (Figure S3).10.1080/2162402X.2019.1593807-T0003Table 3.Correlations between immune markers expressions after treated with SOX regmen and relapse.CharacteristicsNRecurrenceNon RecurrenceP value**Post-chem CD8^+^TIGIT^+^**   0.036\*High95(55.6%)4(44.4%) Low142(14.3%)12(85.7%) **Post-chem CD8^+^PD-1^+^**   0.016\*High116(54.5%)5(45.5%) Low121(8.3%)11(91.7%) **Post-chem CD8^+^TIGIT^+^PD-1^+^**   0.036\*High95(55.6%)4(44.4%) Low142(14.3%)12(85.7%) [^4] 10.1080/2162402X.2019.1593807-F0005Figure 5.**High TIGIT expression is associated with relapsed GC**. (A) Flow cytometry analysis of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^,or CD8^+^ TIGIT^+^PD-1^+^ T-cell populations in post-chemotherapy and relapse blood from patients with GC. (B) Frequency and number of CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ T-cell populations in post-chemotherapy and relapse blood from patients with GC (C) The association between CD8^+^ TIGIT^+^, CD8^+^PD-1^+^, or CD8^+^ TIGIT^+^PD-1^+^ T-cell expression and DFS of GC patients. \*\*P \< 0.01, \*\*\*P \< 0.001.

In addition, we analyzed the disease-free survival (DFS) of 23 patients with GC. The results showed that CD8^+^ TIGIT^+^ high expression showed shorter DFS relative to CD8^+^ TIGIT^+^ low expression (P = 0.012). Similarly, CD8^+^ PD-1^+^ high expression relative to low expression of CD8^+^ PD-1^+^ showed shorter DFS (P = 0.001), similarly, there was also a significant difference in high expression of CD8^+^ TIGIT ^+^ PD-1^+^ T cells relative to its low expression (P = 0.048, [Figure 5c](#F0005)). Multivariable statistics of the prognosis value of parameters for DFS in GC revealed higher TIGIT (P = 0.041, PD-1, P = 0.037), and TIGIT/PD-1 (P = 0.044) expression level could serve as an independent prognostic indicator for the DFS rate of patients with GC ([Table 4](#T0004)).10.1080/2162402X.2019.1593807-T0004Table 4.multivariate statistics of the prognostic value of parameters, PD-1 and TIGIT for DFS in GC patients.ParametersMultivariateRisk ratio95% CIP-valueGender (Male vs Female)1.4411.078--6.7280.806Age(years) (≥ 58^a^ vs ＜58)3.4582.605--4.7420.085Size(cm) (＜ 5 vs ≥ 5)1.9161.019--8.750.861Differentiation (Well or moderate vs Poor)2.4541.009--4.1720.697Lymph node metastasis(Negative vs Positive)1.0120.952--3.8470.252Histology(Diffuse vs Intestinal)1.1520.761--1.6320.925TNM stage(IIA,IIB vs IIIA,IIIB,IIIC)5.9823.322--9.9950.161PD-1(High vs Low)1.7251.189--5.2090.037\*TIGIT(High vs Low)1.1711.061--2.4250.041\*PD-1/TIGIT(High vs Low)4.5311.801--6.0010.044\*[^5]

Combination of SOX and anti-TIGIT is beneficial to CD8^+^ T cells proliferation and IFN-γ release {#S0002-S2005}
-------------------------------------------------------------------------------------------------

The IC~50~ of SOX against CD8^+^ TIL cell is shown in Figure S4 (oxaliplatin, plus S-1, 6.5 µM each). The data above shows that TIGIT could play a promoting role and was reduced by chemotherapy in GC. We investigated how TIGIT affects the functions of CD8^+^ T cells using cells isolated from fresh GC tissues. Immunofluorescence was used to detect the expression of KI-67 on CD8^+^ T cells, further revealing the proliferation ability of cells in the control, SOX, anti-TIGIT and SOX plus anti-TIGIT groups. The results showed that CD8^+^ T cell proliferation ability was significantly increased after blocking TIGIT, decreased by treatment with SOX alone, and their combination increased the proliferation of CD8^+^ T cells compared to SOX alone ([Figure 6a](#F0006)--[b](#F0006)).10.1080/2162402X.2019.1593807-F0006Figure 6.**Combination of SOX and anti-TIGIT is beneficial to CD8**^+^ **T cells proliferation and IFN-γ release**. (a, b) CD8^+^ TIL cells were treated with SOX, Anti-TIGIT, or SOX +Anti-TIGIT. Immunofluorescence was used to detect expression levels of KI-67. (c, d) CD8^+^ TIL cells were treated with SOX, Anti-TIGIT, or SOX +Anti-TIGIT, and stimulated with PMA for 5 h. Frequency and number of IFN-γ of CD8^+^ cells were quantified. \*P \< 0.05, \*\*P \< 0.01.

Subsequently, IFN-γ production in CD8^+^ T cells was determined using flow cytometry and blocking TIGIT highly increased IFN-γ production, and the SOX regimen decreased IFN-γ production in CD8^+^ T cells. In summary, a combination of SOX and TIGIT inhibition increased IFN-γ production in CD8^+^T cells ([Figure 6c](#F0006)--[d](#F0006)).

Discussion {#S0003}
==========

Growing evidence has revealed that checkpoint inhibitors show unprecedented rates of durable clinical responses in patients with various cancer types, and have now moved to the forefront of cancer research. Immune checkpoint therapies act by blocking or stimulating these pathways to enhance the body's immunological activity against tumours. CTLA-4,^[17](#CIT0017)^ PD-1,^[18](#CIT0018)^ and PD ligand-1(PD-L1)^[19](#CIT0019)^ are the most widely studied and recognized inhibitory checkpoint pathways. In this study, we found that TIGIT and PD-1 were dramatically highly expressed in GC and predicted poorer outcome. These findings agree with those of informatics predictions. To date, there is little literature on TIGIT expression and clinical tumour tissue samples and our study was the first to verify the expression of TIGIT in large samples of GC and adjacent tissues. CD155, the ligand of TIGIT, is barely detected in most normal tissues, but highly expressed in a series of human malignancies including colon cancer, lung adenocarcinoma, melanoma, pancreatic cancer, and glioblastoma.^[20](#CIT0020)--[23](#CIT0023)^ Clinicopathological analysis indicates that CD155 overexpression is correlated with tumour progression and unfavourable prognosis.

There are many important membrane molecules on the surface of T cells, which play an important role in the activation/proliferation and differentiation of T cells and the function of effector.^[24](#CIT0024)^ CD8^+^ T cells are the major effector cells in antitumor immunity. These cells are exhausted and rendered dysfunctional by immune checkpoints in tumour-bearing hosts.^[25](#CIT0025)^ In the present study, we demonstrate that the elevation of CD8^+^ TIGIT^+^T cells in patients with GC and reduced significantly after D2 gastrectomy. These results are consistent with those of a previous study showing that the percentage of CD8^+^ T cells that are TIGIT^+^ was dramatically increased in patients with GC and that these cells exhibited functional exhaustion and reduced metabolic activity.^[26](#CIT0026)^ Additionally, in our study, TIGIT expression on CD8^+^T cells was modulated by chemotherapeutic agents and high TIGIT expression following chemotherapy was associated with relapsed GC. Our results demonstrate that CD8^+^ TIGIT^+^ cells in patients GC contribute to immune dysfunction, leading to impaired antitumor immunity and accelerated tumour progression. TIGIT may represent a potential therapeutic target to enhance antitumor immunity and control GC progression.

A previous study demonstrated that following activation by its ligand TIGIT can deliver an inhibitory signal resulting in decreased T cell activation and proliferation.^[27](#CIT0027)^ The in vitro assay results revealed that the proliferation ability of CD8^+^ T cell was significantly increased after blocking TIGIT, and decreased by treatment with SOX alone. A combination of SOX and TIGIT blockade increased IFN-γ production in CD8^+^ T cells. These results indicated that TIGIT played an important role in inhibiting CD8^+^ T cell proliferation and cytokine production, and the combination of both treatments further inhibited tumour growth and distant metastasis, which may be the potential therapy for GC. The cytotoxicity of the SOX regimen reduced the proliferation of CD8^+^ TILs in the SOX regimen group more than that in the anti-TIGIT or control groups. However, in the anti-TIGIT + SOX regimen group, proliferation of CD8^+^ TILs was increased. However, our experiments only explored the function of TIGIT at the T cell level, and did not further explore its mechanism. A previous in vitro study reported that the TIGIT/CD226 axis regulated T cell function by cell-intrinsic and -extrinsic mechanisms.^[27](#CIT0027)^ TIGIT blockade activated metabolic pathway in CD8^+^T cells. The phosphorylation of the AKT/mechanistic target of rapamycin (mTOR) pathway was increased by TIGIT blockade, resulting in increased metabolism and cytokine production in CD8^+^ T cells.^[27](#CIT0027)^ However, this signaling was different from that previously reported where TIGIT signaled through ZAP70 and extracellular signal-regulated kinase 1/2 (ERK1/2) in NK cells.^[28](#CIT0028)^ In addition, Lu X et al evaluated the functional characteristics of Dendritic cell (DC) vaccine-induced CD8^+^ T cells with regard to immune checkpoint inhibitors in gastric cancer patients who were administered Wilms tumor protein-1 (WT1)-targeted DC vaccine and observed the upregulation of the inhibitory molecule, TIGIT and the inhibitory T cell co-receptors PD1 and Tim3 in limiting WT1-specific CD8^+^ T cell growth and function in GC patients. Thier data suggests that targeting TIGIT, PD1, and Tim3 pathways may be important in reversing immune escape in patients with advanced gastric cancer.^[29](#CIT0029)^ Therefore, TIGIT may include T cells in different cell populations, and NK cells and DC cells function to mediate cancer progression and it would be worthwhile to further study the pathways mediating the activity of TIGIT in the development of GC.

In conclusion, our findings provide insights into the clinical significance of TIGIT and PD-1 in patients with GC. It has been demonstrated that chemotherapeutic agents can reduce TIGIT expression on CD8^+^T cells. Because TIGIT overexpression might counteract the efficiency of chemotherapeutic agents, the combination of anti-TIGIT therapy and chemotherapy could be considered under this condition. Some other findings have also led us to seriously consider the role of TIGIT in human tumours, such as the overexpression of TIGIT on human tumour cells, involvement of some oncogenic signalling in the regulation of TIGIT expression, association of TIGIT with tumour growth and metastasis, and correlation of TIGIT expression with tumour progression and prognosis. Thus, further investigations should be conducted to determine the effect of anti-TIGIT treatment on tumours.

Materials and methods {#S0004}
=====================

Tissues and patients {#S0004-S2001}
--------------------

Primary tumour tissues for immunohistochemistry (IHC) were collected from 441 patients with clinically and pathologically verified GC from Zhongda Hospital affiliated to Southeast University, Nanjing China; Nanjing First Hospital, Nanjing Medical University, Nanjing China; and Xuyi People's Hospital, Xuyi, Jiangsu, China. All patients were followed-up for 5 years or until their death.

From March to June 2017, peripheral blood samples and tissues were collected from 23 patients with confirmed diagnosis of locally advanced GC from Zhongda Hospital affiliated to Southeast University. Peripheral blood samples were obtained 1--2 days before surgery, 3days after surgery, 3 days before and after chemotherapy, since the immune status can be expected to fluctuate immediately after surgery and then stabilized as the patient recovers over time.The eligibility criteria of patients for this study were as follows: histologically confirmed gastric adenocarcinoma, underwent extensive (D2) lymph node dissection with no residual malignant disease, and achieved R0 resection. Furthermore, none of the patients had received neoadjuvant chemotherapy or radiotherapy before surgery. GC cases with infection and autoimmune diseases were excluded. Additionally, the patients were required to possess favourable bone marrow reservation (haemoglobin ≥ 80 g/L, platelet count ≥ 100 × 10^9^, leukocyte count = 3 to 10 × 10^9^, and neutrophil count ≥1.5 × 10^9^). Laboratory examinations showed adequate liver function (total bilirubin ≤ 1.5 times the upper limit, alanine transaminase/aspartate transaminase (ALT/AST) ≤ 2.5 times the upper limit) and renal function (blood creatinine ≤ 1.5 mg/dL, creatinine clearance ≥ 50 mL/min). Furthermore, Karnofsky Performance Status (KPS) scores were expected to be ≥ 60 points. Peripheral blood samples from eight healthy volunteers (HV) were used as controls. This study was approved by the Medical Ethics Committee of Zhongda Hospital. Consent was informed and forms were obtained from every patient. After surgery, following up time was 12 months or till the occurrence of relapse.

Immunohistochemistry {#S0004-S2002}
--------------------

To detect CD8^+^, PD-1^+^, and TIGIT^+^ in tissues, 4 μm sections of the whole tumour tissue samples were deparaffinized and subjected to heat-induced epitope retrieval. Tissue sections were stained with anti-CD8α (\#85336S, CST), anti-PD-1 (\#84163S, CST), and anti-TIGIT (\#ab233404, Abcam). Staining intensity was scored based on the following scale: 0, absent or staining in \< 10% positive cells; 1+, staining in 10 to 20% of tumour cells; 2+, staining in 20 to 50% of tumour cells; 3+, staining \> 50% of tumour cells. The immunostaining assessment was conducted by two independent pathologists. The low group was further defined as low (0) or weak staining of TIGIT or PD-1 immunoreactivity (1+). The positive group was defined as having moderate (2+) or high (3+) levels of TIGIT or PD-1 immunoreactivity. According to the scores, the groups were further defined as low group (scores 0--1) and high group (scores 2--3) TIGIT and PD-1 expression, respectively.Staining intensity \<10% 10--20% is shown as low expression, and staining intensity 20--50% and \>50% is shown as high expression.

Chemotherapy regimen and cell isolation {#S0004-S2003}
---------------------------------------

Oxaliplatin and S-1 were obtained from Zhongda Hospital. For patients, oxaliplatin (85 mg/m^2^) was administered intravenously on day 1. S-1 (80 mg/(m^2^•day)) was administered orally twice daily for 14 days. All patients were then allowed 1 week of rest before the next cycle. Physical examination and blood analysis were performed at each cycle during chemotherapy and six cycles were administered to all patients.

Peripheral blood samples were obtained from patients pre- and post-operative and before and after the first or sixth cycle of chemotherapy. Peripheral blood samples from HVs were used as controls. Peripheral blood mononuclear cells (PBMC) were isolated with Ficoll plaque plus (\#17144002, GE) using density gradient centrifugation within 2 h of sample collection. CD8^+^ TIL Cells were isolated from GC tissues using a human CD8^+^ T cell isolation kit (\#17953, Stemcell) following the manufacturer's instructions.

Flow cytometry {#S0004-S2004}
--------------

PBMCs isolated from patients with GCs or HVs were stained with the following antibodies: APC-Cy7 mouse anti-human CD8 (\#555369, BD Biosciences), PE mouse anti-human PD-1 (\# 563422, BD Biosciences), and PerCP-Cy5.5 mouse anti-human TIGIT (VSTM3, \#372718, BioLegend). The molecular phenotypes of peripheral blood leucocytes were analysed immediately using flow cytometry (BD FACS Canto™ II). Samples were analysed using the FlowJo V10 (Tree Star) software.

Immunofluorescence staining {#S0004-S2005}
---------------------------

A coverslip was placed in each well of a 12-well plate and the cells were cultured in culture media to approximately 50% proliferation. Then medium was aspirated from plates, which were washed twice with phosphate-buffered saline (PBS). Cells were fixed with 4% paraformaldehyde (PFA) for 30 min at 25°C, washed with PBS three times, and then they were treated with PBS-0.2% Triton-X100 for 10 min. After blocking for 1 h with PBS containing 10% donkey serum, cells were stained with primary antibody (1:1000, \#180191Z, rabbit anti-Ki-67, Invitrogen) diluted with PBS containing 10% donkey serum and 0.2% Triton-X100 by forming a drop on the coverslip at 4°C overnight. On the second day, after washing for 10 min three times with PBS, cells were stained with conjugated secondary antibody (1:1000, rabbit IgG, Life Technologies, A21206) diluted with 10% donkey serum for 1 h at room temperature. The coverslip was mounted with Fluoromount-G (Southern Biotech, 0100--01) for fluorescent imaging. Images were acquired using an Eclipse 80i fluorescence microscope.

Cell viability analysis {#S0004-S2006}
-----------------------

CD8^+^ TIL Cells were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with 10% FBS at 37°C with 5% CO~2~ for 24 h. Then, 3-\[4,5-dimethylthythiazol-2-yl\]-2,5-diphenyltetrazolium bromide (MTT) assays were carried out to assess the half-maximal inhibitory concentration (IC~50~) of SOX against the cells, as previously described^[30](#CIT0030)^

T cell function assay {#S0004-S2007}
---------------------

CD8^+^ TIL Cells were divided into the control, SOX-treated, anti-TIGIT-treated (\#71340, 5 ug/mL, BPS Biosciences), and SOX + anti-TIGIT-treated groups. For the proliferation assay, CD8^+^ TIL Cells were seeded on 12-well plates and stimulated with anti-CD3 (\#16--0038-81,Thermo)/CD28 (\#16--0289-81,Thermo) at 37°C exposed to 5% CO~2~ to approximately 50% proliferation. Immunofluorescence staining was then conducted to measure KI-67 expression to detect the proliferation of CD8^+^T cell.

For intracellular cytokine stimulation assays, CD8^+^ TIL Cells were treated with SOX or anti-TIGIT at 37°C with 5% CO~2~ for 24 h. Cells were harvested and stimulated with 4 µL/mL PMA/ionomycin/BFA/monensin mixture (250×, \#70-CS1003, MultiSciences Biotech Co., Ltd, China) for 5 h at 37°C with 5% CO~2~. The cells were fixed and permeabilized using the FOXP3/transcription factor staining buffer set (\#00--5523-00, Thermo) for 30 min, and were then collected and stained with APC-Cy7 mouse anti-human CD8 (\#555369, BD Biosciences) and PE anti-interferon (IFN)-γ antibody (\#502509, Biolegend).

GEPIA and kaplan-meier plotter database analysis {#S0004-S2008}
------------------------------------------------

For Kaplan-Meier Plotter database,gene expression data and relapse free and overall survival information are downloaded from GEO (Affymetrix microarrays only), EGA and TCGA. To analyze the prognostic value of a particular gene, the patient samples are split into two groups according to various quantile expressions of the proposed biomarker.^[31](#CIT0031)^ For GEPIA,it is a newly developed interactive web server for analyzing the RNA sequencing expression data of 9,736 tumors and 8,587 normal samples from the TCGA and the GTEx projects, using a standard processing pipeline.GEPIA provides customizable functions.^[32](#CIT0032)^

Statistical analysis {#S0004-S2009}
--------------------

The data are presented as the means ± standard error of the mean (SEM). Statistical analysis and graphic presentation were carried out using the GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA). Survival analysis was performed using Kaplan-Meier plots and log-rank tests. A t-test was used if a normality test was passed; otherwise, the nonparametric Mann- \[81572906\]; Whitney test was used to analyse the data. Similarly, the Pearson method or the nonparametric Spearman method was used for the correlation analysis. Different cut-off values, \*P \< 0.05, \*P \< 0.01, and \*\*\*P \< 0.001 were considered significant.

Abbreviations {#S0005}
=============
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[^2]: Results of univariate analyses using the log-rank test and multivariate analyses using the Cox proportional hazards model of prognostic factors for overall survival. Size, lymph node metastasis, stage, tumor histology, histological types and TIGIT expression were significantly associated with poor survival. CI, confidence interval; ^a^Divided by median age of gastric cancer cases. ^b^ Person's χ2.

[^3]: Post-chem, Post chemotherapy. \*Statistically signifiant.

[^4]: Post-chem, Post chemotherapy. \*Statistically signifiant.
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